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IHTERCOWrSCTlOH 8T5TOC 

FOR CLscrmxcxi. BmtxM hxvtko 

DIFFERIHO ELBCTMCXL CHXRACTERI3TIC 



ABSTUkcr or ths disclosorx 

An •l«ctrlc*l interconnection •y«t«m (lOO) 
com prises • rotary eonvrf r (102 ) and > contr ollT (104). 
The rotary convartar (102) is couplad to first and aacond 
•lactrical systaM havin? a differing electrical 
5 characteristic (e.g., frequency or phase). The controllar 

(104) bidirectionally operates the rotary converter (102) At 
a variable speed for transferring power froa the first 
electrical systea to the second electriesi systaa. 
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Ton KL«CT»IC3LL STSTKIU KAVTHO 

DirrrRxiia ri.«cnacxi. cHxnAcrnixaTic 



1. ri«i4 of zsTMtiea 

This invention portain* to control of «l*ctrical 
pow.r transmission, and particularly to connactlon of 
•lactrical systaas having a diffaring alactrlcal 
character istic. 

2. malatad Art Md otftar CoMldaratleaa 

Soaa alactrical tranaf oraars, for axaapla tap- 
changing transforaars such as variacs, aaraly vary voltaga. 
Othar transforaars, known as stationary phasa shifting 
transforaars, can divart povar and aova powar through a 
torgua angla. 

Kara vol tags- varying transformers and stationary 
phasa shifting transforsars say b« adaquata for 
intarconnacting tvo alactrical systams op?arating at tha sam< 
alactrical fraquancy, or for transmission within a utility 
company. Bowavar, such transforaars ara incapabla of 
interfacing two alactrical systaas operating a differing 
frequency (a.g, intar-utility transfers of alectricity) , 

Today one of tha largeat power transaisslon 
problems is the inability to transfer power across power 
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jrid. th»t con.i,t.ntly (ovr .inut:.. or hour., dif, , 

M..on-Dixo„ M„. t.„a to run in . „„„ .^^"'^ 
5 approximately «o.i to 60.01 H.rt« whll. rh-c. 

. T«nn««««« Vall.v 

" t_o .L,,,, J :i:-:-,/^,:,^2v'"» 

constant fr.<^.ncy, tut in.t... r.ndo-Xy -w.L- or v.na.r • 
ov.r ti... «!• ph... v.ctor .i,ht c.u.. th. dlr,-tio„.i 

:r :::: :: tr:jrj" - - - - 

by co«n.et^ to infrconn.ction .y.t., 20 

by line. 2* tor .uppiym,. i„ ^h. illu.tr.fd •xa.pi. . 
tnr««-pha«« input «icTn*i « a 

input Signal of fraquancy ri (ri baing tha 
fraquancy of supply ayata. 301 . 

t'*' y ■yataa 20) . Intarconnartion aystao 20 
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i. conn,«.<, by li„„ ,3 to «c.iv.r .y.t.« 24. with lin.s 
28 carrying . thr...ph„, output .i,n.l of fr.qu.ncy ri fro. 
int.rc=nn,=tion .y.t.« „ to r.c.iv.r .y.t« 24 (rj b,i„, 
th« fr«qu«ncy of supply .y.tM 20. F2;-T1). 

Int«rconn«ction systra 20 includ.. ■ full wave 
r.ctifi.r for r.ctifym, th« input .i,„.i on lin., 26 to a 
DC .ign.l. with th« DC .i,n»l b«ing .ppli.d to a 
t:r.n.i.tori..d network 30. H.twork 30 eo.pri... . plurality 
of transistor, or switch., ci. ca. ... c« (coll.ctivaly 
raf srsnead as svitehas C) . with gata. of th. _.witch.. c 
baing oparat.d by controllar 40. As d.pict.d at 4 2 
controUar 40 sansas fraquancy and phasa of tha output 
signal fro« intarconnaetion aystam 20. 

Thus, intarconnaetion systaa ao ractifiaa tha Ac 
input signal on Unas 3« to DC, and than invarts fro. DC 
back to AC (on Unas at) .ynchronitad with fraquancy ra of 
tha rac.iving .y.ta. 24. Thl. Invoiva. .Ithar ..„ual or. In 
tha casa of controUar 40, autcatie eparation of svitchas 
C. In asaanca, intarconnaetion ayataa 20 ractifiaa tha 
input signal to DC, and than chop* back to tha clock 
fraquancy of tha racaivar aystaa 24. 

Onfortunataly, intarconnaetion syatam 20 ia pron. 
to raliabiUty probla.s, aspaeially fallur. of tha svitcha. 
C (tha svitchas c baing axpansiva to raplaea) . Horaovar .. 
■antionad abova, intarconnaetion ayata. 30 Is affactiv.iy 
oparativa for pov«r tran.far batvaan sy.taM 22 and 24 only 
for U«itad parioda of ti.a. Yat furthar, intarconnactic 
systsM 20 la axpanaiva to oparata, vlth aystaa or grid 
intarconnaetion coating as auch aa $200/kVA. 
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Rot.ry conv«r-e«r» h«v« b««n utHlz.d for d«cad«a 
to convrt pov.r .t on« conat.nt fr.qu.ncy to • „cond 
constant fr.qu.ncy (..,.. to «t. p from 30 Hz to fo Hz) But 
rotary convart.r. run continuously at on. pr.d.t.rain.d 
.p..d (at hundr.d. op thousand, of RPH.) . acting a. motors 
that actually run tbus.lv... Prior art rotary conv.rt.rs 
•ccordingly cannot addr... to. prcbl.m of int.rconn.cting 
two public utiliti.. that ar. rando. v.ixin, in th.ir 
dif faring fr.qu.ncy distribution.. 

•aomix 

An .l.ctrical intsreonn.ction ay.tu compri... a 
rotary conv.rt.r and a eontroll.r. Th. rotary conv.rt.r i. 
coupl.d to fir.t and ..cend .Lctricl .y.t.m. having a 
dif faring .l.ctrieal cliar«ct.ri.tic (..g., fr.qu.ney or 
phas.) . Th. eontroll«r bidlr.ction.lly op«r.t.« th. rotary 
conv.rt«r at a variabl. •p«.d for transferring pov.r fro» 
th. first .Lctrical systs. to tb« s.cond .l.ctrical syat.a. 

Th. rotary cenvwrcw eoapris.s a rotor cohn.ct.d 
to th. first .Lctrical syst»; • .tator eonn.et.d to th. 
s.eond .l.ctrieal systM; an actuator for rotating th. 
rotor; and, a f.^lbaek n.twork vhich d.t.cts .agnltud. of 
th. diffsrlng .Letrical ch«r.ct«:l.tlc. Th. eontroll.r 1. 
r.sponsiv. to th. «gnitud. d«t«ct.d by th. fs.dback n.twoDc 
for controlling th. actuator «di«r.by th. rotor is 
bidir.ctionaliy retatad at • v«iabl. sp«.d. Th. viri.bl. 
8p.-.d is typically no aor. than 50 r.volutions of rotary 
conv.rt.r par ainut.. 

In soM. .mbodiMnt., th. .ctuator is a motor, and 
. g..r is provides for interfacing th. motor with th« rotor. 
In on. particular ubedimMt, th. g.ar is a worm g.ar. 
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Whil. in .o.« .mbodi..„t. Zhm diff.rin, .l.ctricai 
char.ct.ri.tic i. .l.ctrical fr.qu.ncy. in on, .^o<,i..n, 
tJi. .y.t.m i. opT.fd «. . ph... .hiftin, tr.n.fonn,r m 
th. ph«.. .hifting tr.n.for»« •aibodi..nt, th. rotor 
ass.mbl/ do«s not .ov* .or« than 90 imgvm. 

Th« int.rconnaction .y.t.a of tb* pr...nt .y.tem 
i. utiliz.bl. in . .«b.t.tion for conn.cting ..ynchronou, 
•l.ctric.1 systM., .uch mm fir.t and .acond pow.r grid, 
having diff.ring .l.ctrical fr.qu.ncia.. Tha 
int.rconn.ction^.y.ti« of th« inv.ntion not only t ran.f.r , 
pov.r; but cin ai.o -odlfy powar in ^-air, 
aceospli.hing pha.a shift on-tha-fly. 

DBaemznzov or na oaAimaa 
Th. for.going and ethar objact., faatur.s, and 
•dvantaga. of tha inv.ntion will ba apparant fro. th. 
following .ora particular da.erlption of prafarrad 
«>bedi>«nt. a. illu.tratad i« tha aceonpanying drawing, in 
Which rafaranca charaetara rafar to tha aaaa part, 
throughout tha v.riou. viav.. Tha drawing, ara not 
n.ca...rily to acala, ..phaaia In.taad baing piacad upon 
illu.tratin, tha principla. of th. invantion. 

rig. 1 ia aehautlc viaw of a prior art OC-link 
intarconnact uaad to . Intareonnact alactrical ay.tau 
oparating at dlf faring fraquanciaa. 

Tig. 2 is a partial aehaaatic, partial par.pactiv. 
vi.w of an alactrical pewar intarconn.ction .y«t» according 
to an asbodiaant of tha invantion. 

rig. 3K is a aida viaw of an alactrical powar 
intarconnaction aystaa according to an aabodiaant of tha 
invantion which utilitaa a vers gaar. 

rig. 3B is top viaw of tha alactrical pewar 
int.rconn.ct .y.taa of rig, 3A. 
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Fig. 4 is « .chsBstic vi.w Of a substation for 
•l.ctrlcal int.rconnscting a first slsctrical systsm and to 
a ;;acond alactrical systsm. 

Fig. 5 is a graph showing torqua-control 
r.quir.mants of tha alactrical powar int.rconnaction syst.. 
of tha peasant invantion. 

Fig. 6 is a graph showing a capability curv. of 
the alactrical powar intarcpnnaction systam of tha prssant 
invsntlon. 



DZrxXLXO DMCJU^TIOM OT TMM DKAVZM8 
rig. a shows an •lactrical powar intarconnaction 
•ysta. 100 Which includa. a rotary convartar assambly 102 
and a controllar 104. As dascribad in >ora datail balov 
rotary convartar assa>bly loa is connactad by 3-phasa linas 
RA, RB, Rc to an illustratad first alactrical systaa and by 
3-phasa linas SA, n, «nd tc to a .acond alactrical systaa. 
AS also axplainad balov, tha first alactrical systas and tha 
sacond alactrical systaa having a differing alactrical 
20 Character iatic. 

Rotary convartar aesasbly loa Includaa both a 
rotor subassambly lio and a stator lia. Rotor subassambly 
110 includes collector rings 114 (also known as slip ring.) 
rotor cage section 1X€; and rotor drive section lis. Thrta- 
phase lines RA, Rfl, rc leading from the firat alactrical 
systaa are connected to collector ringe 114; thraa-phasa 
linaa 3A, SB, and SC leading to tha second electrical systam 
are connected to stator lia. 

As shown in Fig. a and understood by tha nan 
skilled in the art, in the illustrated eabodiaant rotary 
convartar aaaaably loa is wound with sixty dagraa phase 
belts, with rotor windings being labeled as RA*, rc-, rp*, 
RA-, RC+, and RB- and atator windinga labeled as SA*, sc-. 
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SB*. SA-, sc*. and SB-. It .hould bm understood that th. 
invention i. not limited to . .ixty degree pha.. b.it-wound 
•y«tea. rather the principle, of the invention are 
applicable for rotary converter ...emblie. of pha.. two and 
greater. 

1. K... Z""" •""•■^^y rotatebl. about it. axis rx 

in both. clocJcvi.e direction CW end counter-cloOcvi,. 
direction ccv. Rotation of rotor ...eiably no i. eff.ct.d 
by rotor drive section H8. 

Rotor drive ..ction Xl« i. .hown .ymbolically in 

Fia. 3_ea m te^"'''"'' « — ^ j ^ 

- -«w..iBn aouncaa on rotor assembly no 

Thu., rotor drive section lie of Fig. 2 generally depicts ' 

variou. alt^^ative ^ diff«:.„t type, of drive mechanisms 

for c.u.ing rotation of rotor a..««bly no. m .ome 

•Bbodlment., rotor drive .action lis include, an actuator 

and .o«. typ« of linkage (a.g,, gearing) which int.rf.ces 

With rotor aaeaiibly loo. For •xa.pl., l„ ona ..bodlm.nt 

rotor drive .action lit eeiq>rl.«. a ironi gear drive 

arrangaaant a. .hovn in Fig. 3A and Fig. 3B and di.cus.ed 

barainaftar. m othar «.bodl.«,t., rotor drive .ection H8 

co«pri.«. an actuator .ueh a. a .tapper .otor acting through 

• radial (e.g. .pur) gaar, a hydraulic actuator turning * 
gaar on rotor assembly no, or a pn.uMtle actuator turning 

• gaar on rotor aa.embly no. Any .ui table drive mechanism 
■ay b« a«ploy«l for rotor driva .action in .e long as it i. 
compatible vlth the clo.^1 loop angular position of rotor 
aasesbly 110 a. described herein. 

A. mentioned above, controller 104 bidirectionally 
operate, th. rotor a..e«bly no (through rotor drive .action 
118) at a variable .peed for tran.f erring power from the 
first alactrical .ystem to the second electrical system. 
Thu.. unlike conventional rotary converter., rotor assembly 
no i. not rotated at a constant angular velocity, but 
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inst.ad 1. rotat.d at a continuously varlabl. angular 
velocity as requir.d controll.r 104. Moraovar, 
bidir.ctional angular v.locity i. achiav.d a. rotor aas«n>ily 
110 i. rot.tabl. in both cloOcvi.a dir.ction CH and count.r- 
cloclcwi.. diraction CCW as shown in rig. 2. 

As shovn in rig. 2, eontrollar 104 foras part of a 
e«adbac)c natwoDc which aonitors on. or Bors s.l.ctad 
•l.ctrical charactariMtic of both thm first alactrical 
mystam and tha sacond alactrical .y.taa, as indic.tad by 
faadbaoc monitor l.ad« lao. ijj. ra.pactiv.ly . connactad to 
san.ors -13X, 133. -raspsctiviiy. Upon comparisoH tiii 
salactad alactrical ch.r.ctaristic(.) . eontrollar 104 
d.v.iop. a driva signal which is .ppiiad en driva llna 134 
to rotor driv. saction Hi. Tha dir.ctionality (a.g, 
polarity) and .agnituda of tha driva signal on lina X34 ara 
usad by rotor driv. saction ll« to angularly adjuit rotor 
assambly 110. Tha. dir.ctionallty of tha dlriv. signal on 
lin. 134 datarsinaa wh.tb.r rotor assaably lie is to b. 
rotatad in clocJcwisa dir.ction Of or count.r-elockwi.a 
diraction CCW; tha .agnituda ef th. driv. signal on lin. 134 
datarainas th. .xtant of th. rotation. For .xaapla, by 
•ppropri.ta diraction.! ity and Mgnitud. ef th. driva signal 
on driva lina 134, eontrollMr 104 can eau«. rotor astaal>ly 
110 to rotat. Slowly in th. eXeekwis. dlr.etlen cv, than 
rotata sXewly baOcward (in th. ceunt.r-cleeJcwi.a diraction 
CCW) , and parhaps .van cea. to a d.ad step until 
circuaatMc.s warrant further retatlen (in either tha 
clocJcwise CW or ceunter-cleckwlse direction CCW) . 

In the embodiment Illustrated in Tig. 2. the first 
and sacond electrical systeas heve differing range* of 
electrical rre<iuancia.. with the frequencies in each 
electrical system wandering through their respective rang... 
For example, at a given moment, the first electrical ayataa 
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op«rat«s at a first fraquancy vhila tha sacond alectricai 
systaa oparataa at a sacond fra<juancy. 

In auch aabodi»ant, ayatama controllar 104 
monitora alactrical fraquanciaa of tha firat and aacond 
alactrlcal ayatama uain? tha faadback natworK which includes 
monitor linaa 130 and 132, m tha illuatratad amhodimant, 
aansora 131 and 133 ara fraquancy sanaoza. In monitoring 
alactrical fraquancy, controllar 104 outputa ita driva 
aignal on lina 134 to adjuat tha angular poaition of tha 
rotary convartar to »atch tha phaaa of tha firat alactrical 
ayatam and tha phaaa of tha aacond alact:rical ayatam. • m 
ozhmr wotda , controirar 104 TSTintaina * a phaaa lock batwaan 
tha firat alactrical aystaa and th« sacond alactrical 
ayatam. Idaally, whan tha ayatama ara parallalad, tha phasa 
diffaranca batwaan tha ayatama ia zaro daqraaa. it ia 
incumbant upon controllar 104 to provida an alactrical phasa 
shift aa a function of tiam that maXas up any diffaranca 
batwaan tha two ayataas. Ifhan psrallaling at tima to, 

*° ri(tO)*to f phasal - ra(tO)*tO + phasas 

whara ri(t) and T2(t) raprasant tha fraquanciaa of tha 
raapactiva first and sacond alactrical systama aa functions 
of tiaa. For all subssquant tiaaa t qraatar than to, 
2 5 controllar 104 muat control to a function phaaam(t) auch 
that: 

ri(t)*t ♦ phaaal 4. phasaa(t) - r2(t)«t + phaaa2 

30 or 

phasaa(t) - r2(t)»t ♦ phaaa2 - ri(t)*t - phRaal. 
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In th. for,,olng •xpr...ion., pha.. r.f.r. to •l.ctrlcal 

batw.n .•ch.nic.l d.^... on rotor .....biy an/ ' 
•lactrical dagraas i* 



15 



-achanical d.gr.a. - 2/#pola. • alactrical d.graes. 

Pba.a ahift is aceoapH.had by physically 
dl.placln, rotor ..^..bly no ralativ. to .t.tor 120. Tha 
10 an^lar po.ltion ot rotor a„a,bly xxo «y^„i„.., ^J"' 
-dvancad. or ratardad ,t vlXl. Tha pha.a ahift 1. 
.cco.pli.had by changin, rotor «„ular po.ition and thus 
-odifyin, th. mutual i«duetanca. ..ong th. pha... of 
intarconnaction ayatu loO. 

Th. nu^ibar of pol.. (nP) rotary eonv.rt.r 102 i. 
typically d.p.„d.nt upon sy.ttt pu-a^t.r.. .ueh a. tha 

(HP) Of th. .y.t« l«flu«.e.. th. nu«b«r of ..chanical 
d«»ra.. (HHD) Of rotor wiguLr •di.pl.c«.„t n.c.a.ary to 

^ro^'T-Tlf .metrical fraguancy diff.r.nti.l 

(trO), a. indieatad by th. Mcpr...ien HMD - j . En/w 
Thu.. a high pol. nuMbw (high HP) c«, gr.atly raduca th. 
n««b« of ..cha«ical dagr... (hmd) of «,gular ahift r.quirad 
to .chi.v. th. .l.ctric.1 .hift. For «ea.pl.. a -30 tr^jo 
«S«9r.. .Lctrical .hlft 1. only -a to ^2 dagraa. of 
■.chanical .hift en • lo pol. vound-rotor .otor. By 
r.ducing th. ..chanical Mgl. to b« .hlft.d, th. fore., 
r^irad can b. gr.atly r.d«c«l, or conv.r..ly tha ra.pona. 
ti.a graatly inera...d, to .chi.v. th. d..ir.d .hift. 

3A and rig. 39 ahov .l.ctrical pevar 
intarconnaction .ystaa lOO having a .pacific rotor driv. 
•action 11.'. Rotor driv. ..ction lit' ..ploy. vor. o..r 
160 .a.hlng with rotor r.dial g.ar 15J a. a linXag.. .„d 
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additionally aaploys worn 9«ar v^rvo driv«r 164 (•.9., a 
«t«pp«r motor) as an actuator. In addition, Fig. 3A and 
Fig. 3B show »pacific mounting atructura of rotor a««ajab-ly 
110, particularly thrust and radial baaring 170 and top 
5 TAdial baaring 172 which facilitata both placamant and 

rotation of rotor aaaaably 110, An advantaga of rotor drive 
•action 118' ia that tha worm gaar driva tands to ba salf- 
locking* Should its aaaociatad aarvo drivar 164 fail to 
turn, rotor asaambly 110 vill b« lockad in position until 

10 tha^alactr ics 1 -phasa-mExor-raacaW 3"€0^agraas / AtT such 
tins protaetiva ralaying vill taJca intarconnaction systaa 
110 off-lina. 

As Bantion«d sbova, in othar mmbodiaants othar 
typas of machanisms srs utilizad for rotor driva saction 

15 ll». Wharaas rotor driva saction of Fig, JA and Fig. 

3B providas a solid connsctlon of rotor assambly 110 to worm 
gaar l«o, such solid connection nssd not nacassarily occur 
for othar ambodiaants. For sxajipls^ in ona «abo>>inant a 
torsion spring/daapar systaa is ins«rtad batvaan tha worm 

20 gaar 160 and rotor asssably 110 to adjust aachanical 

dynamics. In such a systsa, tha vora gaar-basad rote- e.-'^va 
saction 111^ displacss th« phasa (for axaapla, 20 alactrical 
dagraas) , than tha coabination of alsctrieal anargy and 
aachanical «nargy is. tuned to aatch tha tiaa constants of 

25 tha load baing fad. Ths rssult is a unifora povar input on 
tha utility sida and stabilisation of tha systaa load. 

In tha axaaplas discussed above, the differing 
electrical characteristic for tvo electrical systeas has 
bean frequency. It should also be understood that, with 

30 soae aodif ication, interconnection systaa 100 can be adaptad 
to serve as a phase shifting transfora«ir for shifting only 
phase angle. In such adapted eabodiaant, collector rings 
114 ere replaced with a euspended Litz wire and rotor 
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...•mbly 102 do,, not .ov .or- than 90 d.gr.., 

Pn.u-.tic or hydraulic ra.. ar. optionally in.art.d'in pia=. 
Of th. tor.ion .prlng/daspar .y.t.» da.cribad abov. The 
ra=. j.ric rotor a..a.bly Into a da.ir.d *X to -x d.gr... 
(a.,.. X bain, 1... than or ..jual to 90 d.,r,.., , „th.r 
than causing rotation of rotor as.a»bly 110. such 
.|«bodi.a„t i. particularly .ff.ctlv. for an ordinary ph... 
.hiftin, tran.for.ar which can rapidly changa th. .hift 
e.g.. Within 100 .illiaacond. or la..,. Th. fore, u.ad to 
.cco.pli.h th. i.r. .„ . ..„.,..,,. ^^^^11 

Of th. l>rg^n«gb^^polag„in_th._^cMn« rn^ 
baarm,.. Th. .or. pol... th. th. angula^ 

di.pl.c.«.„t raqulrad to >..t th. .laetrical dl.pi.eamant 
Th. ..allar tha dl.pi.c«.„t. th. ...ix.r th. angular 
accalaration and thu. th. MIt th. fore. r.quirad to 
acco.pU.h •o.a chan,. in po.ition In • glvan tl.. 
r.qulrM.nt. Th.r. ar. limitation, on th. raduction of 
..chanical d.^.a. by th. t.chnl^. of Incr.a.ln, th. „«.^.r 
Of pel.., particularly th. il.lt.tlon. of Wndability and 
tha raquirad angular ra.olutlon of vora g.ar 160. 

Fig. 4 ahew. Ineerporatieh of .l.etrical powar 
int«-conn.ction .y.t« loo of th. pr..«t l«v.ntion in a 
.uh.tation aoo. .ubaftlon. Which .l.ctrlc.1 int^rconn.ct. a 
fir.t .l.etrical .y.t« aaa «d to « ..eond .l.etrical 
•y.tM 224. It .hould b. und«.tood th.t fir.t .l.etrical 
•y«t« 323 and ..eond .loctrlcl syn^mo 334 bava diffarino 
.Letrical eh.ract.ri.tle(., , pirtlctlarly .lactrical 
fraquancy. for axa^>l.. fir.t .lactrical .y.t« 222 can ba 
« l»a.t.m utility (lab.l.d -w..*-, whil. ..eond .lactrical 
•y.t.. 334 can b. an K«.t.m utility (l.b«l.d -Baat-, tn 
th. illu.tr.tlon of fig. 4, both th. Ea.t and W..t 
ayataM/utllitia. eparat. at aaokv. 
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Powr «uppli.d by Wt.rn .y.t.a 222 .nfrs 

suostation 200 of Fia a ^k^p«.,*w - £ 

rxg. 4 tnrough asritts pow«r capacitor 23o 

(CSU) tr.n.for».r 232 fro. 230kV to 15)cV. St.pp.d-down 
pow.r fro» tr.„.for«.r 232 i. .ppH.d on input Un. 234 to- 
rotary convrt.r 102 of int.rconn.ctlon .y.t« 100 a. 
.hown in rig. 2. input li„. 234 i. .cruelly th. thr- ph„e 
lin,. RA. M, .nd RC eonn««^ to coll.ctor ring. 114. An 
.l.ctric.l fi.id and pov.r .r. ..^..bli.h^d on rotor ....»u=iy 
110. «. tr.n,f,rr..d _to st.ter -112, «d transfrr^d froi 
-t.tor 112 on output lin. 236 .t iSJcV. a. understood from 
rig. 2, output lin. 23« i. .ctually th. thr«. ph... ii„,. 
SA SB. .nd SC. Povor output fro. .t.tor 112 on output lin, 
:3« i. .topped up .t 100 HVA 9.n.r.ter .t.pup (csU) 
tr.n.for..r 23. fro. IJKV to 230kV. .t.pp.d-up pov.r fro» 
tr.n.for..r 33« is th.n .ppli.d through «.ri.« pov.r 
cp.citor 240 (20 Hv.r) to E..t.m .y.t.. 224. 

A. und.r.tood fro. th« for.goin9 <l..cription of 
controlLr 104 in conn.ctlon vlth I-ig. 2, includ.d in 
-ub.t.tion 200 th. controll.r 104 .onitor. th. fr.qu.ncl.. 
Of both £..t.m .y.t.« 224 .nd ir..t.m sy.tu 222 .. tho.. 
fr.qu.nei.. vwid.r through th.ir diff.ring and ro.p.ctlv. 
fr«iu.ncy ruig... A. th. differing £r«iu«riei.. .r. 
■onitor«l, eontroll« 104 gM«r.t.. • drlv. .ig„«i for 
•djusting th. angulw: po.ition of rotor asaMbly no .o that 
•l.ctric.1 pow.r My b. trMraitt.d fro. .yatwi 222 to 
■yatu 224. 

m th. .bev. r.g«d, if th. W.«ttfn .y.tu 222 
v.r. .t Sf.t Hx mud th. E..t.m oystM 224 vmt. .t 60. 1 Hz 
int.reonn.ction sy.tu loO would r«iuir. « .2 Ht ch.ng. for 
pov.r truaftf fro. th. H«.t.m oy.tu 222 to th. Ea.t.rn 
>y.t« 224. For . 2-pol. d.vie., th. raqui.it. rotational 
v.locity for rotary conv.rt.r 102 vould b. l20«{.2)/i - 12 
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Is a 



Of 



r-volution. p.r »ln«t.. civ.n th. f.ct that th«. 
fr.,u.nci.. .l.o fluctu.t. or v.nd.r. rot.ry conv.rt.r 102 
shoul. .1.0 b. c.p.51. Of -/I .50 H,. or . .p.., r.nj ,M 
*30 to -30 r.volu^ion. p.r «i„ut. (rp„., ,or th, 2~,ll 

1 Mw . ^" illu.tr.t:ion oC ri,. 4. controller 104 

1 MW tor.^.. control convrt.r. .„d in on. .mbodim.nt 

ri9. 1 l>pe««s co«t« ot approximat.!/ S200/)cw 
int.rconn.ction .y.t« loo of th* pr...nt invention co.t, 
only .bout $100/)cw. costs 

control ' "l**i«"'"^iP b*tv.n 

fl«t .nr*' T '"^ "•^•"•^^ " 

IntUr r •l.«rlcl .y.t«.. ,or con.t.nt pov.r 
into th. «chln. .„d con.t*«t lo.d pov.r factor., th. 
^.ct,o-.,n.tic torqvc d.v.lop.d 1. con.t«t. a. th. .lip 
b.tv..n th. .y.t«. incr...... th. «pm r.^ir.d to -.tch 

th.. incr...... ^ th. product of th. torqu. and .p..d i. 

pov.r r.<rilr.d by th« driv.. a 1. 

- . '^'* * capability curv., of 

th. driv. .y.t« Of th. pr...„t inv.„tion. ti.it.tion. 
^ovjn on th. v.rtlcl «i. „. i.b.l.d -Slip rr.qu.ncy-. 
Which r.pr..«,t. th. M^i^ pov„ of th. r.v«.ibl. iriv. 
Th. r.X.tion.hip b.tv.« .lip ^ pov^r v.. .hov„ i„ ' 

Through Povr- i. . «chin. th«n«l rating if «xi«« 
torqu. i. provid^l by .l.ctro..ch«,ic«l driv. (.., . 
-.xi»« thru-t rating for vor. g.ar b.«:i„g, . -rhrou,; 
Pov.r i. ....ntially Mt.ri.l-li.it.d, vh.th.r in.ul.tion 
cl... for a vindlng or • Mt.rial .tr... allov.bl. 
r.sp.ctiv.iy. ' 
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Advanta9«oualy, interconnection uystmm lOO of the 
present invention perform* continuoue pheee shifting by 
controlling rotor engXe (i.e., the enguler position oi" rotor 
eeeeably 110). Interconnection eyeten lOO pemite 
continuous edjustaent of electricel phase by virtue of its 
potential 360 degree rotation, maXing the system a vsry low 
frequency synchronous converter. Moreover, interconnf.rtticn 
systea 100 can be repetitively displaced through large 
angular displacements to eceomplish very large electrical 
phase shifts in e rapidly changing power condition on a 
large systea. 

Whereas typical synchronous converters run at 
constant, uni-direction«l angular velocity of hundreds or 
thousands of RPMs, rotary converter xoa of interconnection 
eystem 100 runs, forward or baclcvard, at less than 50 rpm. 
Control within ,01 eXectrical degrees is ettainable on a 
continuous basis within 100 mx or six cyeXea at 60 Hz. 

Interconnection systea 100 provides accxirate and 
reliable phase shift contPoX, with thm ability to follow 
frequency drift and control phase in aXX four quadrantt of 
control. Thus, interconnection systea 10 0 not only 
transfers power, but can aXso aodify power in aid-air, by 
accoapXishing phase shift on-the-fXy. 

Although described above for its interconnect 
function, interconnection systea 100 can also serve es an 
energy storage systea. Interconnection systea XOO can be 
used to store energy, either by inductive energy or 
rotational inertia, to average large puXseting loads, 
siaiXair to those present in arc aeXtere for eteel 
processing. 
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Khll, th. invention h«. b«.n particularly .hovn 
.nd <i..cr b.<, with r.f.r«„c. to th. pr.r.rr.d 
th.r.of It Will und«.tco<l by the. -,clll.„ i„ 
th.t variou. .lt.r.tlo„. 1„ ror. .„d d.t.il «y 5. ..I. 
th.r.i„ Without d.p«i„, ^. .p,,,^ ^ 

invntxon. For .x..pl.. vh.r... 1„ th. ror.,oln, 
d..cription . .upply .Letrici .y.t.. h.. b..„ iUu.tr.t.d 
«. b.i„, co„„.ct.d to colLctor ring. 1x4 .„<, . r.c.ivir 
.l.ctric.1 .y.t« h.. b..„ illu.tr.t.d b.ing conn.ct.d to 
.t.tor XX,. it .houM b. «nd.r.tood th.t th...'ixiu: rlt^d 
connection* can b« ravarsad. 
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1. Ml •l.ctric.l iht«conn«ction .y.f . co-pri.ing: 
• rotary conv«rt«r for coupling to a fir.t 
-l.ctric«l .y.t« «nd to . ..cond ol.ctric.l .y.t.», th. 
first .l.ctrle*l .y.t« .„d .x.ctric.l .y,T.l 

h.vl„, . dlffrin, .l.ctrie.1 eh.racfri.tle; 

* cont roller vhleh bldtractlon.l lv _op.r.,.-. .^k. 

rotary convrfr .t . vmrl.bl. .p..d tor tr«.,.rri„, ;ow.r 
fro. th. fir.t .l.ctrie.1 .y.t« to th. ..cond .l.ctricli 

a. Th. .y.t.. Of el.l, 1, wh«r«ln eh. flr.t .l.ctric.i 

llllZTr T •^•«rle.l .y.t« op.r.t. .t dirf.rin, 
.l.ctric«l fr.qu.nci.«. ^ 

3. Th. .yBt^ Of el.i. a, furth.r comprising • f..di.c)c 
^riZL"?'"'' •^•"'^"^ fr«r*.ncy of th. fir.t 
lllXl^. -y-t" •"<» th. .l.ctric.1 fr«r*.ncy of th. ..cond 
•1-ctricl .y.t«. .„d vh«-.ln th. controH«- adjust. .„ 
-ngular po.ltlon of th. rotary eonv«t.r to .atch th. ph.„ 

•'•"'^^■^ -y^^ «»• P»— Of th. ..cond 
•lactrleal syatu. 

4. Th. .ysta Of clal. 1, vh.r.U. th. fir.t .l.ctrlc.l 
«y.t« ««i th. ..cond .l«rtrlcai .yt.. ar. a r..p.ctiv. 
fir.t .Lctrlcal utility company and a ..cond .l.ctric 
utility co«pwiy. 

5. Th. sy.tM Of elkla i. whw.in th. variabl. «p«.d i. 
■or. th.n SO r.volution. of rotary conv.rt.r par .inut.. 
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6. Th« «y»t«a of claim i, wh.r.in th* rotary conv.rtar 
comprises : 

a rotor connactad to tha first alactrical systam; 
a atator connactad to tha sacond alactrical 

systaa; 

an actuator for rotating tha rotor; 

a faadback natvork which datacta aa«ynituda of tha 
dif faring alactricai charactariatic; 

vharain tha controXlar is rasponsiva to tha 
■•gnituda datactad by tha faadback natwork for controlling 
t:ha actuator wharaby tha rotor is bidiractionally rotatad at 
a vaxiabla spaad. 

7. Tha syataa of clai» vharain tha actuator is a motor, 
and furthar compriaing a gaar for intarfacing tha motor with 
tha rotor. 

• . Tha ayatam of claim 7, vharain tha gaar is a vorm gaar. 

9. Tha systas of claim i, vharain tha firat alactrical 
systam and tha aacond alactrical aystam oparata at dif faring 
alactirical phaaaa, and vharain tha rotor asaambXy doas not 
mova mora than V >0 dmgvmmm. 

10. A aubatation for •lactrically intarconnacting a first 
•l«ctrical aysta and to a saeond alactrical •yatam, tha 
'^•^ •l«ctrical ayata and tha aacond alactrical systam 
having a diffaring alactrical charactariatic, tha aubatation 
eompriaing: 

m atap-dofvn tranaformax couplad to tha first 
alactrical aystam; 

a atap-up tranaformar couplad to tha aacond 
alactrical ayataa; 

a rotary convartar couplad to tha stsp-down 
tranaformar and to tha atap-up tranaformar; 





a controller which bidir«ctionally operates th« 
rotary convartar at a variabia spaad 

for tranafarring powar fro« zha first alactrical ayatem to 
15 tha aacond alactrical ayatan. 



11. Tha ayatam of claim xo, vharain tha firat alactrical 
ayataa and tha aacond alactrical ayataa oparata at diffaring 
alactrical fraquancias. 

12, Tha ayatas of claim 11/ funrhar - comprising a faadback 
natworic-which datacta"thl^la^ 

alactrical ayatam and tha alactrical fraquancy of tha aacond 
alactrical ayatam, and wharain tha controllar adjust* an 
angular position of tha rotary convartar to match tha phaaa 
of tha firat alactrical syatam and tha phasa cf tha aacond 
alactrical ayatam. 



13. Tha systam of claim 10, %fharain tha rotary convartar 
comprisas: 

a rotor connactad to a first of tha atap-do%m and 
a tap-up trans formars;' 

a stator connactad to a aacond of tha atap-dovn 
and stap-up transf ormars; 

an actuator for rotating tha rotor; 

a faadback natvoric which datacts magnituda of tha 
dif faring alactrical charactaristie ; 

vharain tha controllar is raaponaiva to tha 
magnituda dataetad by tha faadback natvork for controlling 
tha actuator wharaby tha rotor is bidiractionally rotatad ar 
a variabia mpmmd. 



J 
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14. 



An •l«ctric*l int«rconn*ction systam comprising: 
a rotary convart#r for coupling to a tint 
«lar:-rical systam and to a 0aconcl alactrlcal aystam, tha 
f ir.t alectrical syataa and tha aacond alactrical aystam 
having a dif faring •l#ctrlc«X charactariatic; 

a cloaad loop angular positioning aubayatam which 
bidiractionally oparatas tha rotary convartar for 
tranafarring powar from tha flrat alactrical ay.tam to tha 
aaccnd alactrical ayataa. 



Tha ayataa of claia 14, wharain tha first alactrical 



15. 

ayataiB and tha" aacond" alactr i^l ayata. ^^;^ta ^iff^r ing 
alactrical fraquanciaa. 



IS. Tha ayataa of claia X5, vharain tha cloaad loop angular 
poaitloning suhaystaa datacta th4 alactrical fraquancy of 
tha first alactrical ayataa and tha alactrical fraquancy of 
tha aaeond alactrical ayataa and adjuata an angular poaiticn 
of tha rotary convartar to match tha phaaa of tha f irat 
alactrical aystaa and tha phaaa of tha aaeond alactrical 
ayataa. 

17. Tha ayataa of claia 14, vharain tha firat alactrical 
aystaa and tha aaeond alactrical ayataa ara a raapactiva 
f irat alactrical utility coapany and a aaeond alactric 
utility coapany. 



It. Tha ayataa of claia 14, vharain tha variabla apaad is 
no aora than 50 ravolutiona of rotary convartar par ainuta. 



J 
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19. Th. .y.t« Of cl.i. 14, wh.r.in fir.t .l.ctrlcal 

.X.«rlc.I Ph...., .„d vh.r.l„ th. rotor .„.^xy do.. „" ' 
mov. oor. than ♦/- 90 d.^.... 

20. A ..thod ot lnt«conn.ctlng two .l.ctrical .y.t.m. th. 
m.thod coBpri.ing: 

coupling • rot«ry conv.rt.r to a fir.t .l.ctrical 
•yst.a and to • ..cond .Lctrieal .y.tM, th. fir.t 
.l.etr ic.1 .y.f . ,na tl>« .,cond .l.c trical .y^t.. h.vina , 
diff.ring .l.ctric.l ehwaetariatic; 

op«r«cin, th. rot*ry eonvM^.r bidir.ctionally and 
.t • variabl. .p..d e„ trmnsfrrln, pov.r fro. th. fir.t 
.l.ctrie.1 .y.t« to «b« ..eend .Lctrlcl *y.t.«. 

21. Th. ..thod Of cl.i. ao, »»h.r.tn th. fir.t .l.ctric.l 
.y.t.. .nd th. ..eond .Lctrlcl .y.t.. op.rat. .t diff.rlng 
.l.etrle.1 fr«iu«nel... 

22. Th. ..thod Of cl.i« ax. further compri.ing: 

d.t.ctlng th. .Lctrieal fr^ju.ncy of th. fir.t 
.l.ctrle«l .y.t« *ml th. .l.ctric.l fr.q«.n«y of th. ..cond 
• l«ctric«l ayatu; and 

uaing th. controller to adjuat m angular po.ition 
of th. rotwry conv.rt.r to Mteh th. ph«M of th. fir.t 
.l.ctric.1 aystM «nd th. ph«a. of th. ..cond j.l.ctrical 
.y.tra. 

23. Th. Mthod Of cl.l« ao. wh«r«in th. fir.t .l.ctric.l 
•y.t.. .nd th. ..cond .loctrlcl ayata mr* • r..p.ctiv. 

flr«t .Lctrieal utility co«p.ny utd • ..cond -l.ctric 
utility eeapany. 
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24. The ■•thod of claim 20, wherein the cortroller is 
responsive to a Mgnir.ude of the differing electrical 
chftracterietic detected by a feedback network for 
controlling the actuator whereby the rotor i« 
bidirectionally rotated et a variable speed. 

23. The method of claim 20, wherein the variable speed is 
no Bore then 50 revolutions of rotary converter per minute. 

2«. The meth^ of claim 20, wherein the first electrical 
system end the second •lectricel system operate at differing 
•^^"t^^icel- phases , aiTd wherein^ the rotor assembly does no t 
move more than 90 degrees. 
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